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(57) Abstract 

A CDMA receiver and a CDMA transmitter/receiver, which are less sensitive to fading and capable of accurate channel estimation 
while taking into consideration the rate of channel changes. When channel estimation is performed by summing the weights on the pilot 
symbol (average) inserted in a data symbol sequence, the rate of channel changes is taken into consideration for the weighting control For 
instance, the inner product value of the channel estimate and the pilot symbol (average) is used as an update value for weighting control. 
This results in accurate channel estimation. 
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^■^^^^ 8 2 5^s^*ritij av&mis *&w<Dm 1 mm^m\z 
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DMA'grfgigfi 1 0 0 (D^m^m (HI 2 A£ «t rFH 2 B) t HtfcO JO-Sri* 

^fllft) ££i£1-&o -f-^J^fi. T'-^ipJ^aJ8 4 6 ri ? l"f *£-J&SB 
8 3 2 coffi^J^flJ^ (0 / 1 ) -r^Cl t \Z X. •) ff 0 o 

^f7/S 9 0 2 ICisv^T. £*#»tftllftl« (MM S E) 8 4 4 CJ:^ 
^Mf > & «fc n y Y7uy (#^-T n y YfU y ? £Y) 

a .) OftllftlSr^f o o 

m, i 

^^<7>H 3 HlffCI^ C DMA^flM 8 0 0 *£*gJftS 
SHUT, is J:tf*ISW^^2^Mi^3Ktc«4CDMA^$««115 0 0 
OStMSMSB 5 1 0 fc&«&S»fc LTC DM A«S«««r 
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tlt^So ^mmfcWi^i&Z CDMA^I lOOOli, m&<ox n y 
> t , x~- ? v > £ /* -i .n. y h v t £ # /- £ # v > 

C DMA^iii 1 0 0 0 li, ^mSB 10 10, F7^^1 0 

2 5, X n y h |Bj#J*£tH£B 1001, /Wn-;l« v ^ *';u^?ij Jfc#SB 1 0 
1 2 , / W n y h -/ o ? ^ 1 0 1 1 , ft* >H£5g1iMfc&8B 1 0 2 

i , -r- >? s s> 1 0 2 9 , t- 9 v > ^^Th^m^nu 1 o 

3 0, u>r ^j&sb i o 3 2 , is x iFm*f*»tiw»» (rt^srjr) 104 

4 «rffflx.^>o III 1 0 C^i" X •? #^life^S8fc:J3i,*-Ci±, t y -f- h "7 -r 
JH 1 0 2 5 > xn-yh |e]#§f&aigB 10 0 1 UMiD S P (*3 <fc [^^0/7 
A fcfciW Lfc* * ) 1 0 2 0 i:i D V7 >">x7fc LTii^tLtv^ 

^- K7x7t Ltlllti iv^ 0 1 0 1 0, -7';f 

CDMA^fil 1 0 0 0 TMi, *»9I<0£ 1 HJfcJ£& a C DMA$ 
1 0 OOffljftI (El 2 Ai3 J:^ia2 B) t HlfcOfciSaMTfc & o 

HI Hi, *^ifc^JSIU«* C DMA$i«ti:J: *fi*#tt1W»toa 

W?:^t7n-f + - h -C$>& 0 Xf 77*3 1 1 0 lCiJV^T, fi^ttlt 

f&UiPSIS 1 0 4 4t;«tl9, 7*-* ->>**;ko^ *^fll5gffi| 
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5* (2) n^ti^:, s*f*»t (i*«aa .) <omm (Mir) fcfrdo 

m. i 



A m (n) = A m (n-l) + ^ m (n)X(n) 

f- 

£(n-K + l) 
£(n-K + 2) 



A m (n) = 



V m.-K+P 
^m.-K + 2(n) 



,X(n) = 



«m.K.|(n) 



£ m (n) = A^(n-l) -X(n) 



£(n + K-l) 
^(n + K) 



(2) 



om^#tt#^T"^> , ^ JiHirOXT- y^-9->f Xt?£ ») „ | (n+i) 
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*3£9!^fM C DMA^fM 1 0 0 0 

SSISt LT, *3*tf*S^<7>fc2ISiS^&K^*CDMAiai:g«g«5 0 

Ell 2fi, 2|c«WO*5^Jfe^SRH«*CDMA$««S^«jfi^=t^ 
-f ElT-&£o ^HJfe^SIKteS CDMA^fil 1 2 0 0!^ T"*- 9 v > 
sK^^yiJ v £ «t mffSr-*- * v > ** )V%t?\ \ztt Lafe^iJ * <f n ? h -> > ** 

CDMA^iM 1 2 0 0 ii, SmSB 12 10, ■f- * v > sK^^ffi 
2 2 4 , n h v > sK/u^fllffl v y ^ h y 4 )V 9 

1 2 2 6 , /qn^yn? 12 11, -v * JUfltJfeteflmfflS 1 

2 2 1, T'-^->>jK>l/^3?iJffl«gBl 2 3 0, \s 4 9 1 2 3 2 , i 
M#-5§-£j£g|S 1 2 4 2 , H X IfMfrttVmffiU (MM S E) 1 2 4 4 &fi| 
x.£ 0 Ell 2i:^ti9l:, $Iiii(:fev>tli, x - ? v > ** ;w 3^iJ 
ffiV7f-b7^;H 1 2 2 4 , o y h -> > ** ^M^Jffl T * h y 4 )V 
M 2 2 6^liDSP (iJi^o^^AML/^^y) i 2 2 0 C 
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mi 3 Atsnvm i 3Bii, *%mr*m^&2> C DMA^rlf UlUJ: * 

fiM^I*^t7n-f t- fffeio S1\ 7f 7^S 1 30 1i:i3 
v^T, $*£SB 12 10CJ: ^fff> t4b^feft§nfcf-^->^*' 

*Hi&J&SI U £ x it , 1 ffiflfrfr-^is XV t m2 ifcifcfr 

J: y) <£ix<?ti&&L £ ft tz -f - ? -> > tfOi/^J is J: Z>V-? ^7 h>> 
fr&n*5tm-t& i><»t Uv^o /:/:L, SOKE'S L 1 IfciStffr 
-5§-i3 «t if # 2 tfctfcfiF-S- K J: *> -e fu^fi&tfcS ftfc -T- * v **/u#?!]i5 «fc 

Xt7/S 1 3 0 2 tc £5 T > 7*- * v > ** ^^^Jffl "7 y h 7 ^ ^ * 

>#>V^?(J££:J£1-&o Xf7^S 1 3 0 3i:ii^t, /<>fnyh«>># 
fl^Elffl^y-f- t-7'f;i/*i 226 &::J:»K m2W:WLW^r^m^X^mm 

SI 3 0 4 -S 1 3 0 8 t' *3 v> X . /</fn?l»ro7^ £.J&SB 1 2 1 1 & 
Jitf-^-Y * /Ht£ttJRf*6B 1 2 2 1 i:i l), 7^ *^3f ^S^fi^^ 

mi 4ti, S f t * ;vf^ 1 1: J: S f t i ^l^oii 
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ftmmi* n#g (ci-e, nitmm <?>r-? is>#)v<D?-* ^^m^ 

SLS. x, ft* 4 n_ 7 > ;> > ^;>.B.»j.©..m*J.i..> x: - v > tfMJhWo - 
i /J> $ < L T £ ■„ £ £ . 7* - ^ v > Jl^^ll i3 J: ^a' >f n y h 

HI 1 3 A CI Xfv7'S 1 3 0 4 H i3V*-C\ u y Y 7n y ^ ^ 

JffiBB 1. 2 1 1 f:i •? /N°>f n y h >sK>l/^?!|j&»e> : tlftO/*>f n ? 7n y 
?££$;1-£o EI 1 4 ?>^J-eti. n#B£>vW n y h -> > ;j? ^ * «t» H % 
A If y h <7)^^<7?/s^ n^7D^ *B#KW£irir&K Lffl (*W"CJ± 3 
fl) /«i*6 C ( n - K+ 1 ) #g <D/*4 u y h v ( n 

+ K) f§WA^0 7hy>^^t|^rv^ (dCLT*, K=LXA. 

/Hz J: 19 L> ftitj^AVn-; hy^sKA'^f ^JtSg Kffl v> £ 

o ^ h «> d fc £ J: T*«^Oj£#<?!>fi«3& 

3o II 1 4 <O0flTU\ 7fflOl^S7D y h iCJRi-&^ n v h v 

i^M. Lt, n ^g J: i?/h£v> (NfK^CMO) /^d^->>#*0* 
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d /6 S T' £ & o £ rt^ 1 n 7 h -T n -y >7 com £ £ 1 /W n y FvV*' 

^-/Sl 3 0 5 -S 1 3 0 7 ICiSV^-r. f- * ^Jt^-fM^SIS 1 2 
&o £1% ^7 7/5 1 3 0 5 TV<>f n ^ h -/n 7 ^ tL^> 

n ]- -r n y ^^p^-fil £$.#-?-&o CI ft £ 1" ^ T <7> 'f n ? ^ n ' J 
? \z o v> T fx 9 (Xf^S 1 3 0 6) o PMn-y^n^Cl^V 

n y h -fu y t HI 1 4 O01TI± N i #1<7)/n° 

'foy F :/n y ^ (i=-L-L, i 0 ) <7)#* Ico^T^W n-yl>7 

n | (nj) £S5U#L-CV^& 0 

fit, f- * v >#/l/j3 «t 0^*4 n y h v y ^ *;v}t5Eii|£ 

Ul#-t^)o HI 1 4 <£>0!lT-li, i S=g<0/N°-f n y b rn y ? Ofi<^#^cSr 
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I (n) £ * ^ * * ffl £ t tf ? T- £ £ 0 

■^■V*^}!^^ (n)f*5£ (3) T'-^-x. f>iL^, 0 



£(n) = Z Gvl(ni) (3) 

i=-L. i*0 

jita^f- v 7 B si304~si307$- N * * frmfcmzwn l x -? 

(^f ^S 1 3 0 8 ) , 
> **;l'^?(J?StIS& 1 2 3 0 iz X *) (t*- ^ v >**;l/C9) * ^ffi^'fi| 

^HM^SM;^* CDMA^igf 1200 -cti, ^^com 1 

BK^* C DMA^iM 1 0 0 Ofi^ftftJIIJ^p&S (®4) £: nU<D>& 
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fl'MF'HfttSB 1 2 4 6 t j: l) , (y-c>f n y h -> > **;K7)) ^ * /UttSglS 
^S 4 0 2 His^T. fg^-ff-t^J&SB 1 2 4 2 i:J:D, Mif £ft 

2 0 0 KJbf>frt*ffltLT*4. 

^T-^S 4 0 3 Cfc^T. S*#»tiWaifflJ (MM S E) 1 2 4 4 tC «fc 

ZftXilz^ n ? h -> ^sK/Ufctfi-aM^fiHtliS*:* -f- * * /i/ Mi 
(»6^JfeBSP.) 

TF-f *Hlilt:i^»CDMAI^iM 1 5 0 0 ti % ■7'-* 

C DMAI^f 1 5 0 0 i± % 15 10 t^MMSSIS 1 5 

2 o t%mz.z>o sHB&gs&i 5 2 o<7>mj£&<btncg«#LS:i3«):u f fi^ 

ttVWMmmii. *&W<7)%z 5iiiii:i-S C DMAStit 12 0 0 

<r>mi& (@i2) Khxnzgim&m (n 1 3 a& ±z?m 1 3 b) mr/m. 
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*7F-tmx-*>z>o m i 6 izm-fi 7 mmnkmn isioij, 1 

6 10, m.m_&M-%ikB> 1 6 2 2 „v T- 9 v > **;ulEM.f S 1. 6 2 .6 v 
u -jY v >**;i^iJffli£ik£B 1 6 2 8 , i5«t tf^jKW 1 6 3 0 £H;L 

*^i*^ssniJv>Tfi, a«j»^F^kai 622. r-? 

?lfflffift»l 6 2 6 fliDSP (JJi^n^niftlflU^V) 1 
6 2 0 CJ:»)V7f»x7t LtHl^titv^^ ^-K-JxTkU 

iHtg&^-SHfcgB 1 6 2 2 Ci , (flF-iHfc) LT, 

r*-* v ^#/U#?!l*£j£i-*o ^S 1 7 0 2 Cfi^T, t*- * v 
>*^wm?iJffli£M l 6 2 6 ci 0 , mi m^xr- 9 v 

1 7 0 3 K*5V*T. n y h v>**;u^?iJJI2£i5rgB l 6 2 8 lc J: l> „ £ 
2t£tS:^-^?rfflv^T^-'1' n y Y =y y #/l^?g L , ft/c^ a ? 

h v >sK/l^?iJ££j£1-& e 7f ?7S 1 7 0 4 K;fev>Tv 16 3 

*&m.Lxmmm-w*±j$.irz 0 x^y ys 1 1 o 5 k&^x. m 
1 6 1 0 iz a 19 , 

flF**)flv>4J:9i:LttJ:^ 0 
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■tmx*&2> 0 *^MMm^&2> C DMA^-ft^g 1 8 0 0 ti, 7"- * v > 

CDMA^f 1 8 0 0 f±, ^iSU 18 10, 7- 9 9 y > sK/U&yiJ/fl 
vyf I>7^^ 1 8 2 4 , h>> XfrftHM v 7 Y 7 4 fir* 

1 8 2 6 , ^Md 7 hrn y ?$L$LU 1811, 7 * * ;V#t5effi$t#£|S 1 
8 2 1, 7"- * v > **^m^J^«S|S 1 8 3 0 , te®M 1 8 3 2 , 

- **!l56ffl5 1 8 4 6 , HMfg-^£j&£R 1 8 4 2 , *3 J: CFfi^tttfftUf&BlS 

(MM SE) 1 844£fit;l£oigi8 IC^-f J: 9 H N ^HJfe^SKiS v> 
T (±, 7* f v > jtf^fllJfj 7yf).7UM 8 2 4 , /Mn?h>^ 
'-JOl/^iJJB^ f 1^7^^ 1 8 2 6 HiiD S P (33 J: ^n^yA £t& 
fflLtz* ■=&';) 1 8 2 0 £ J: 19 V7 h 7x7fc L-CHS$iitv^^, ^\ 
-K7x7i: LT^LtUv^ 8 10, 7* - * <✓ > 

fflvvf 1-7^^ 1 8 2 4i?o«*i3 j:tr«ii6ii % *f&m<n#5nmM 
m\z%z> cDMA^itf 120 0 <vttfc'rz>mmtmm.x'$>2>o ttz. 

^IHfl^'I^CDMAtiill 8 0 0 -eti, -^Skm^W, 5 m&MWi 
\z&2> C DMA^f 1 2 0 0 OSMS&S (13 1 3 A*3 «fc tfU 1 3 B) 
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Ztz, C DMAtf^t 1 8 0 0 fli, *fkm<Ot&3 

lific^^ c DMA^rft mm 8 o o <nn.frttifmwMekm (09) tm 

WLU 1 8 4 2 i: J: i) , ffiflt $ tt/c f*- * v > **;l^?!k & J: $ *Lfc 

SU^Htilff) ££j&1-&<> T'-^^iJ^ti, f-^fiJ^glSl 8 4 6 ^1^^^ 
8 3 2 <7)tli^*fiJ^ (0/1) KJ:«);fT-9 e 
^rv/S 9 0 2 *$v>t\ a*#ttW»«P (MM S E) 1 8 4 4 Hi 
0 ^ §*2S«-^\ *3 «fc tf^W n y hro? (#'W n -y h^n-^ 

#f§9J<*>#7IIJfcSH8fc«& C DMAf^Sf 1 8 0 0 fc^-flM 
335 U, is J: cr*|&^«6» 6 H16^3|bjc«* C DMA^Smai« 1 5 

o o'oang&ssc 1510 fcaMaa&ss&i: LxcDMAm^mmm^mm 

(^8^Jfe^^) 

Ell 9ti, *S§^fM^^^#&CDMA$m^g^#j£#!l£^ 
i-H!T*$)^ 0 C DMA^ftl 1 9 0 0 lt T~ * v > 

CDMAff^il 9 0 0 <i, gmUl 9 10, f- * v > 
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v y f- h y 4 )V ? 1 9 2 4 , /Hn^y> ^ v ^ h 7 4 ^ ? 

1926. **<i d y v ru y ?£.mn ni k */Hi5£finRf§s& 1 

9 2 1, t-*-^ v ^**/U^?0ffi«» 1 9 3 0 > l^f 1 9 3 2 , i5 

*tf£;M*ttilifl»SB 1 9 4 4 «:ii4o 12 1 9 ic^-f <fc ^) H , 

/nM n 7 h v > **/u^?iJffi f F 7 ? 1 9 2 6 f liDS P (£ «£ t>* 
yo/yAtML/:^']) 1 9 2 0i:J:»)V7f7x7t lttl$ 
*itv^i«, /n- K 7 x 7 i: ITliLTi X^ Q 19 10, -T- 

^v>*'^Jffl-7 7f f7^M 9 2 4 3s<*>»j£j3 -fclF«|gl±, 
9§<7)fg 5 Hife3&3EtK«& C DMA$««« 1 2 0 0 ^ttJfc-f £ t 
T*£>& 0 Jfc, $iliiCi5CDMA^tl 9 0 0 "C{±. 
»$5iliii:§^ CDMA^iit 1 2 0 0 <7>-glf M (il 3 AJ3 

xvmi 3B) t^flioftka^fTfetLSo fc*fu *nifc^ag»ci5v>Ti±, 

it:, *IIiit:i^>CDMA§iiIl 9 0 Ot-li, #5S93<Z>£4 
,f C DM Af H^t 1 0 0 0 OlMttOTMI (011) 

bfttiLnjQim&fftoti&.o 1"fc*>*>* x-rv-fS 110 1 Kisv^T, S^i 
ffr»tW»6B (rt»StJt) 1 9 4 4 K«t»K f-*-^ v>#>U *^*5e 

, & i n y y ?u y v v Y ?u y ? 

LTx * (4) crvtiTi:, £*ffr»t (I^itaj) offllUP (Mfr) £ 
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A(n) = A(n-l) + /i£(n)X(n) 



A(n) = 



«-,(n) 
a,(n) 



, X (n) = 



{(X L (n) ) 



S<n) = A'(n-l) • X(n) 



I(n.) 



^(n L ); 



(4) 



A (n) ii n§l Or'- ? v •} , 

*<£>/<.f n-y h 70 >y ?¥-%}mx»$> *) % £ ( n ) ti n # i ^ t*- * v > 
;K7)-f-^^^«|^-C^ <5o if z ^ A r (n ) {iA (n) <DmmfrW*7ji-jr 0 
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iftttJgfc-?-* *;i/ffi5E*lT-7 it^tii, 

*ss9§o#8isife5&fiu::*6s c DMA^mmm 1 9 o o 

Sg&t LT, i5 i 6 C DM A^^Ml 1 5 

o o<7)mm$kmui 5 1 0 *mm&mwt ttcDMAiff^t^M 
■r z> ^ t *> ? -e § £ o 
(torn) 

t*u y hmm (T slot ) twflimti-i^fsiRO^ (ber = 1 0- 3 ) # 

ttSr^i-EIT^^o 13 2 OCIi, $^Ot4lMit:§-&CDMA$ 
Mfgfi (Wli^Mn^ft^^H) K«fc&#t£ (TM_P) . 

8 $l^!B!i:ft% C DM A$fi«I (&?U1^W h -v * 
/l^sS) KJ:&«M4 (Par a_P) , t£3|£tf>m*#»#H56Ti& Z> C D 
MA^fgi (m^^i^^D^ hft^Ji'M) KJ:*$H£ (TM_ 
C) „ i5 i TO^Ol^M^S^t^S C DM A$f (afc^JM'W 
o h * * * fr-fijg:) i:lS#tt (Par a_C) /6 ? ttc £ *t T v> & 0 

82 1li, f d T slot = 0 - 0 0 3 1 2 5 ^^^ f d T slot =0. 2 8 B$ 
^Vehicular - B5R*THi5 »t * B ER^tt^^tlT** ij % m 
22 t± Vehicular - BiR«ST^4J »t * f d T slot fcfcj-1-*Bf3?SI* 0 
^ (BER=1 0- 3 ) #14£^TI1T£>£ 0 

HI 2 0 is J: 0*112 2 J: !K 4 IIMCf^ C DM ASIi 

Sis* tr*5S^<o»8^jt^aHw«* c dma§§^i t ic&^oc d 
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0. 2dB, Vehicular -BTT&O. 4 d B ?>Sfc#S&£j6*f§ *> 

Us iSi7x- y>m-ii7x - y'>^iii#7ci < * £ ti 

TV e h i c u 1 a r - B 3R#T-C«>efc#3&*j&« 2 jfc U >f V -€f;HJ: 
v> (7) |±, Vehicular - B TT'ltH&^O&Wtfjz § v^<7>T 
7x--/>'7i$i:iij:D^<«/WDy h v >- ffi t* # * 

tt^Wn-y hft^^ (*Hi (0 H 8 Hfli^lS i:« 4 C D M A 
W#11;^D7 hft^^J: 0^^< Lfci J:^;:J:*ttj£•7; t ->? 
^^)^n a B g *#*fcJ&H£*35&SNI 
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ffi 3t <r> fa M 
8trl£^ai^m^*o*^ % »xn 7 h^jsv^T, tufS^-j&v 

MIE^M n y h 7*0 «y ^ [Z^ £ fl & fit fS^ j U y Y V > >0/ (7) Sp^ll tf> 
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MSB KM & «t ZfmisZ^J n h rn ? ? ti&ttitZsH n y 
*^-fZ> Z. t ZWWtt-tZ CDMAfiMo 

4 £ t ZWWLt-fZ CDMAfiMo 
BtTlSC DMA§^g^g(i. t-*- ^ v ^sK/UMyUK^W n y hi/ 



WO 99/55033 PCT/JP99/02154 

41 

Btr|S/s° J U -y h 7* n y ? (i , * D y M*| CO 1"-<T <7) >f O y h V > )U 

HtffB-g-^; v > ;u^?ij ^^n#g ( n fi <d *u y y <n^>- ? *s y 

U&l&i' >#)V&5\}*<D (n-K+1) f I (Ktii&gfc) (7)Xn-y 

h (n+K) #§<7>xn y h t-eizte^XtkJ&ZtiZ t £#f£h1-& C 

*ffiz.tzZ. t *!$m£-fZ> C DMA^to 
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> ** fr%*m \z So* # lift £ ££1" * i: , 

10. If 3^ 8 DMA§fiJ6ii:iJ^T, liu sElt-Mt ft £ f&ij 

his> ** ^ <7) * ffl t m mm. *f* »t o mm * n 7 ^wl t 

1 1. ff*^8 CIBfc^C DMA5t3lll:£^T, HuffiS<Mttt * frJ 
1 2 . If 85v»Ll 1 Ov^Tft^KfE^^C DMA^r'fS^SlCisv* 

^fflv^ttfc^tL^A^Dy v is ytffr&mtt&tsm-wz&mL, stria 
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DMA^ 



1 3 . 8 ^v>L 1 2 m^ft^fcfSfROC DMA5£te&Sfc:J3v* 

HIT IE » 1 JRSSift fcffSB»2Hft^jS[t liUvMcilE^i-* c: 1"£ C 

DMA^iM. 

1 4 . IS*^ 8 LI 3 Ov>-f ft/iMC|2f£(?)C DMA^M^fiKis^ 
T, suffix*- * v >**;i^?ijt£<7> n#§ ( n »±i£&) (DT- 9 -> > sK^ 
1ft R^-v^Utejeil Mie^^^^W n y FyD 7 ^li, 
lfflK'W n y h v >#fr%m*co (n-K+1) #g (Klil^t) <D/* 
■i n y h v >*$A'ir>h (n + K) &B(7)sH n •> > <> tMc i *j 

j£ $ tt & £ £ J£f£ t -f Z> C D M A ^^i„ 

1 5 . IS^^8 ^vai 4 O^f tL^tcfaf^<7)C DMA^m^gKjsv* 

CDMA^fito 

1 6 . Igifc^x n y b ^ L, 7*- ^ v ^ t/qo? Fy> t 
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17. f - * v ^ jJOv^iK X ifM^T*- 9 s yy Kit Lafe^J 
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fc^r-t* z t zftWLt-rz cDMA^im 

18. 4t&<£> X n y Y % £ L v t* — 9 v > jJOu £ 4 n y > ^ >- sj?./u-fc 

& x 7- ? y t , 

h t#®ti:tSCDMASiMc 
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